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Io 
The phenomenon of retinal adaptation is one of the most familiar 
facts of sensory physiology.  Not only is the mere adaptability of the 
human eye well known, but, since Aubert's (1865) first measurements, 
there has grown up a body of quantitative data describing the course 
of adaptation (Nagel, 1911).  This is especially true of the adaptation 
of the eye to dim lights. 
All the data on dark adaptation show that on entering a dark room 
after a stay in the outside daylight the eye at once begins to increase 
in sensitivity.  At first this increase appears to be slow; but after 5 
minutes the increase is  quite rapid,  the eye acquiring a  sensitivity 
several hundred times its  initial  value.  After 30 minutes sojourn in 
the dark the sensitivity still increases, but more slowly than before; 
and after 45 minutes or an hour the maximum sensitivity is reached. 
The final sensitivity varies slightly with different people, but i~ the 
fully adapted condition the eye is easily 5,000 or 10,000  times more 
sensitive than it was at the beginning. 
In Fig. 1 is given the record of a dark adaptation experiment made 
by  Piper  (1903).  The  results  are  representative  of  the  numerous 
published  experiments.  Piper  points  out  that,  although  earlier 
workers (e.g. Aubert, 1865) believed the rate of adaptation to be great- 
est  at  first,  the greatest increase in  sensitivity really occurs in  flae 
middle of the course of adaptation.  The curve of sensitivity according 
to  Piper  shows three parts:  an  initial  slow phase,  an  intermediate 
rapid one, and a  final phase ending in a maximum. 
In spite of our familiarity with the phenomena of dark  adaptation, 
and the trustworthiness of the measurements describing them,  their 
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theoretical  bearing  is  practically  nil.  The  changes  in  sensitivity 
are remarkably constant, not only in a  given individual,  but in dif- 
ferent individuals as well.  Age does not change the regularity of the 
course.  The effect of drugs is practically  negligible.  Even  persons 
possessing deficiencies of color vision present a  normal type of dark 
adaptation.  Still  the  meaning  of  this  uniformly regular  change  in 
sensitivity has remained obscure.  The course of dark adaptation has 
not given us a  hint of the physicochemical basis of visual reception, 
though it is apparent  that  the  two  phenomena must  be  fundamen- 
tally related  to  each other. 
What are the causes of this failure?  In order to answer this ques- 
tion profitably we must consider first the nature of the published data, 
and second the obstacles in the way of their  interpretation  inherent 
in the data.  Extensive summaries of the literature of retinal adapta- 
tion have been made (Tschermak,  1902;  Nagel,  1911).  Such is  not 
my purpose.  It is rather to analyze the data,  and if possible to find 
some explanation of the pronounced regularity evident in every experi- 
ment on the dark adaptation of the human eye. 
II. 
The  pioneer experiments of Aubert  (1865),  followed by  those  of 
Charpentier  (1886)  and  Treitel  (1887),  demonstrate the  qualitative 
fact that dark adaptation  follows a definite course.  Due to matters 
of tec,hnique, however, they are not sufficiently accurate to stand On 
a  par with the later experiments of Piper  (1903)  and Nagel  (1911). 
We shall therefore confine ourselves to the work of the latter investi- 
gators.  Piper in particular has published the complete results of the 
retinal  adaptation  of eighteen people.  These  detailed  data  are in- 
valuable in the quantitative treatment of the material. 
The experiments consist in finding the intensity of a square area of 
light which is just barely visible to the eye.  Observations are made 
at  regular intervals during the stay in the dark.  The subject fixes 
his  eyes on  one corner of the  square  of light,  so  that  most  of the 
light falls on the retina outside the fovea centralis.  What one finds 
is this.  At first this  minimum  intensity is large; as the stay in the 
dark is  prolonged it becomes less  and  less;  and  finally it  reaches a 
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Not content with the mere statement of such facts,  the investiga- 
tors beginning with Piper have presented their data in terms of sen- 
sitivity  or  Empfi~llichkdt.  As  used  in  this  connection  these  two 
words signify some multiple of the reciprocal of the minimum inten- 
sity.  The  actual  units  of  sensitivity  vary.  Piper  uses  a  million 
times the reciprocal, whereas Nagel considers Emp~dlichkeit  as the 
simple  reciprocal  of  the  minimum intensity.  It  is  apparent,  how- 
ever,  that the  two are  essentially the same thing.  The data shown 
in Fig. I  are given in terms of Piper's units of sensitivity. 
It is here that we meet the first dli~culty.  Sensitivity as defined 
in  this  way  possesses no  meaning  other  than  that  inherent  in  the 
original fact of the mflnlmum intensity.  "It is true, speaking in a gen- 
eral  way,  that  the  irritability  of  the  eye increases  as  the minimum 
intensity  necessary  to  stimulate  it  decreases.  But  we must  not be 
deceived by so seducive a  word as sensitivity, even when it is accom- 
panied  by  certain  figures  purporting  to  represent  the  number  of 
units of this condition.  It is so easy to forget this, and to apply the 
term as a  quantitative estimate of the condition inside the eye (Emp- 
findlichkeil der  Ne~hau  0  instead  of  remembering  that  it  applies 
merely to the condition of the outs~e light.  F.mpfi~lichk~t includes 
nothing more than what is implied in the minimum intensity neces- 
sary to elicit a  visual effect in the eye. 
However, even as a  statement of the changes in the external light, 
the use of Empfindlichkei~ or sensitivity is attended with the danger 
that it distorts the actual course of retinal adaptation.  As a matter 
of fact  the  shape  of the  curve in  Fig.  1  and its  division into three 
phases represent neither the properties of the retina nor those of the 
light.  It does represent a  certain property of numbers.  The whole 
thing  depends  on  the  simple  fact  that,  as  a  number  decreases,  its 
reciprocal increases in a  curious way.  For example 
y=X 
is the  equation  of  a  straight  line.  However 
1 
that  is,  using  the  reciprocal  of x  is  not  the  equation  of a  straight 
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From Fig. 1 it might really be supposed that practically no change 
occurs  during the  first 5  minutes of  dark  adaptation.  Nothing  is 
farther from actual fact.  During this interval the minimum inten- 
sity necessary for a  visual  stimulus,--the visual  threshold,--drops 
to less than half its initial value.  In the experiment of Fig.  1 this 
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FIo. 1. The course of dark adaptation expressed in terms of the increase in 
sensitivity.  This  experiment is typical of the many which have been published. 
The ordinates are a million times the reciprocal of the minimum intensity; the 
absciss~ the time in the dark. SET.m  m~c~r  503 
decrease amounts to no less than 61 per cent of the initial threshold 
value.  A  glance at  Fig.  2  and  at  Table  I,  presented later in  this 
paper,  shows  that  the  minimum  intensity,--the data  actually ob- 
tained,mvaries in no such way as indicated by Fig.  1.  The data of 
Fig. 2  are the same as those forming the basis of Fig.  1. 
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FIo.  2.  The course of dark adaptation expressed in terms of the m~nlmum  ~- 
tensity ~_sible to the eye.  The data are the same as in F~. 1.  The lower por- 
tion of  the curve is r~a~  m  the inset, using a magnified scale of ordinates. 
The exceedingly  great change in the intensity during the first 10 minutes is dearly 
apparent. 
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Unfortunately all  the investigators following and including Piper 
have  published  their  results  as Empfindlichkeit,  without  giving  the 
minimum intensities as they found them.  This has been the most 
obvious impediment in the way of a  proper treatment of their data. 
The undue emphasis on the distorted results has detracted from the 
regularities evidenced by the actual data themselves.  It is, however, 
simple in  all  cases  to  compute backwards  and  to  find in  this  way 
what the original facts are.  By taking the reciprocal of the published 
values  of  the Empfindlichkeit  I  have  calculated  the  corresponding 
minimum intensities for most of the published experiments.  It is not 
possible to state what the unit of intensity is in Piper's experiments. 
I  cannot  find  its  definition  anywhere in  his  article.  By inference 
from the work of other investigators I  judge it to be about 4  ×  10 -T 
meter  candles.  The  unit  of  sensitivity  in  Nagel's  adaptometer  is 
definitely stated  as  the  reciprocal  of  the  intensity  as  measured in 
meter candles.  However, in order to make these data comparable to 
Piper's,  as well as  to  avoid the use of long decimals, I  have multi- 
plied the minimum intensity by 10 7  , thus making the unit of minimum 
intensity in Nagel's data as  1 ×  10 -7 meter candles. 
The results as we find them now are represented by Fig. 2, which is 
the same experiment as Fig. 1.  It is not possible in a  single drawing 
to show how the intensity varies throughout the test.  I  have there- 
fore redrawn the lower part of the curve in Fig.  2  using  a  magnified 
scale  of ordinates  to  show  the  changes which  take place  after  the 
first  I0  minutes.  It  is  obvious,  as  Aubert  originally  maintained, 
that  the  process  of  adaptation  begins  immediately,  and  that  the 
minimum intensity decreases enormously during  the first  few min- 
utes in the dark. 
With the data in their present form we may now proceed to deter- 
mine what the peculiarities inherent in them are which prevent their 
ready interpretation. 
III. 
The experiments on retinal adaptation  are a  series of determina- 
tions of the visual threshold in dim light.  Each test is a measurement 
of the minimum energy for a  sensory effect.  The interpretation of 
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attend the sensory reception of lights of low intensity.  At present we 
know very little of the basic reactions, chemical and physical, that 
underlie  retinal  stimulation.  One  thing,  however,  may  be  stated 
with considerable confidence.  This is that the initial effect of the 
light on the retina consists of the photochemical alteration  of  some 
photosensitive substance.  Each test of the visual threshold involves 
a  primary photochemical effect.  The  data  of  dark  adaptation,  if 
properly treated, should give us information about this photochemical 
change. 
Objectively stated, the facts are that as adaptation proceeds, less 
and less light energy is necessary to produce the initial photochemical 
effect required for a  visual response.  In other words, progressively 
less and less of the photosensitive substance must be decomposed in 
order  to  initiate  the  subsequent  processes  concerned  in  photo- 
reception. 
Granting this qualitative decrease,  what are its quantitative im- 
plications?  We have the minimum intensities from the data.  What 
is  the  relation between the intensity of the stimulating light and  its 
objective effect in the photochemical decomposition of the sensitive 
material  of  the  retina?  An  exact  relation  undoubtedly exists  be- 
tween the  two.  Its  quantitative expression must be known if  the 
adaptive  changes in the retinal mechanism are  to  be  stated  objec- 
tively.  Unfortunately this  condition  cannot  be  fulfilled from  any 
experiments on  the  retina.  We  have  here,  then,  the  first  of  the 
inherent difficulties in our knowledge that prevent the proper funda- 
mental interpretation of retinal adaptation. 
This, however, is not the only obstacle.  Let us tentatively assume 
that  the  relation  between  intensity  and  photochemical  effect  is 
known quantitatively,  In this way we will know the exact quanti- 
fies of photosensitive substance required to be decomposed in order 
to initiate a minimal retinal effect.  This follows from the fact that 
the photochemical effect E  is some function of the intensity 1  " 
=l(x) 
even though the exact nature of the function is not stated. 
During  adaptation  in  darkness  the  amount  to  be  decomposed 
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of decomposed material necessary for the initiation of a  visual effect 
at  a  given  moment?  This  really  amounts  to  a  demand  for  the 
objective basis of variations in the irritability of the retinal mechan- 
ism.  We must know why at any given moment a certain number of 
units of decomposed photosensitive material is necessary for the pro- 
duction of a  visual response, before the strikingly regular variations 
of these quantities can attain any basic significance.  Here we meet 
with the second obstacle in the way of an interpretation, because the 
question cannot be cleared up in terms of the existing data of retinal 
physiology.  Indeed it is difficult to conceive of experiments on the 
vertebrate retina so designed as to give an objective answer to these 
two questions. 
It must be remembered that  the important point of the data of 
retinal adaptation is not merely the fact of adaptation, but the con- 
sistently regular  sequence in  the  course of adaptation.  Given the 
means of answering the two  questions relating to  visual reception, 
this  orderly  progress  of  dark  adaptation  might  be  attacked  with 
profit.  Lacking them, it is small wonder that the data are meaning- 
less  in  themselves, and  that  they have failed  to  add to  a  possible 
hypothesis for the basis of visual reception. 
IV. 
Although retinal  physiology has  not been  able  to  surmount the 
difficulties previously enumerated,  there  are  some  experiments re- 
cently made  with  invertebrates  that may help in  this  connection. 
The work on the light sensibility of Mya and Ciona (Hecht, a, b, c, d) 
has demonstrated two aspects of the sensory process which are inti- 
mately connected with the problem of retinal adaptation.  The first 
of these is concerned with the relation between the intensity of the 
stimulating  light  and  its  photochemical  effect  in  photoreception. 
The second presents an objective basis for the meaning of variations 
in irritability. 
According to  the  hypothesis  suggested for  it,  the  photosensory 
mechanism in Mya is composed of two processes~ one following the 
other in point of time.  The initial process is a  photochemical reac- 
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catalyzed  by  the  products  formed in  the  photochemical reaction. 
It is the initial photochemical reaction that is of interest in the pres- 
ent context, and with it alone we shall be concerned.  Without going 
into  details,--for which the original work must be  consulted,--the 
results are as follows.  A  photosensitive substance S  is decomposed 
by the action of light into two products of decomposition P  and A. 
This reaction is reversible,  and in  the absence of light the reverse 
reaction goes on unopposed by the light reaction.  The equation for 
the complete process is thus 
light 
S,-~--P+A.. 
"dark" 
It  is  apparent  that  the substances P  and A  are  the precursors as 
well as the decomposition products of the photosensitive substance S. 
The velocity of the light reaction, S --* P  4- A, is entirely depen- 
dent on the intensity of the incident light.  The exact relation be- 
tween the two is a logarithmic one.  If E  is the photochemical effect, 
as measured by the amount of P  and A  formed in unit time, and I 
the intensity of the light, then 
E-~k. In I 
In  being the sign of natural  logarithms.  In Mya,  k  has a  value of 
1.  This  quantitative relation is the first of the  two aspects of the 
sensory process to which reference has been made.  Its significance 
lies in its ability to describe the action of light in the objective terms 
of  a  physicochemical mechanism, rather  than  in' terms  of  sensory 
effects. 
The second feature of the photosensory mechanism as postulated 
for Mya and Ciona is also concerned with products of the light reac- 
tion S--* P  +  A.  This  second principle states  that  the  degree of 
irritability of the sense organ depends entirely on the concentration 
of  the  precursor  decomposition  products  present  in  the  sensory 
mechanism.  To be more precise: before it can cause a sensory effect, 
the incident light must produce such an  amount of freshly decom- 
posed precursors P  and A  that a  definite ratio is attained between 
the freshly formed and the residual precursors present in the sense 
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The  importance  of  this  concept  cannot  be  overemphasized, be- 
cause it lies at the foundation of all the work with Mya and Ciona. 
Together  with  the  logarithmic  relation  previously  explained,  it 
enables one to visualize the initial chemical events necessary for the 
production of a sensory effect in these animals. 
Vo 
If  the  initial  photochemical reaction  in  retinal  sensitivity  has 
something in common with photoreception in Mya, then the applica- 
tion of the findings with Mya to the data of visual adaptation should 
yield results of theoretical bearing.  The data give the intensities of 
the light necessary for a  visual effect.  The photochemical action of 
this  light should therefore be  represented by  the  logarithm  of  its 
intensity.  These logarithmic values will then give the actual num- 
ber  of  units of photosensitive substance  decomposed by  the  light, 
because 
E=  k  .  log/. 
We do not know what the value of the constant k is here.  But we 
can always make it equal to  1 by changing the units in which the 
photochemical effect is measured.  Such a  change makes no differ- 
ence in our conclusions, because any unit is a purely arbitrary thing. 
The  data  treated in  this way  are  given in  Figs.  3  to  8.  These 
figures are different experiments taken from the work of Piper (Figs. 
3  to 7)  and of Nagel (Fig. 8).  An example of the procedure neces- 
sary in calculating the data from the published experinaents is given 
in Table I.  The first two columns are from the published results. 
The last two columns are the computed values of the original inten- 
sities and their logarithms.  The data of Table I are given graphically 
in Fig. 3. 
In the presentation of these experiments I  have exercised a certain 
amount of selection in the following way.  Some of Piper's experi- 
ments are vitiated by the fact that the measurements are made too 
frequently.  For  example,  in  one  case  nine determinations are  re- 
corded in 11 minutes, some having been made only ½ minute apart. 
Considering that even a small flash of light retards dark adaptation, 
it is hard to understand why such an  error  should have  been  corn- SELIG  m~CET  509 
TABLE  I. 
Data of an Experiment on Dark Adaptation of the Eye. 
Time.  Sensitivity.  Intensity.  Logarithm of intensity. 
0 
2 
5 
8.5 
12 
20 
31 
39.5 
45 
72 
38.7 
99.7 
398.7 
1,065.0 
3,420.0 
16,870.0 
30,780.0 
45,270.0 
54,080.0 
54,080.0 
25,840.0 
10,030.0 
2,506.0 
934.6 
292.4 
59.9 
32.5 
22.1 
18.5 
18.5 
4.41 
4.00 
3.40 
2.97 
2.47 
1.78 
1.51 
1.34 
1.27 
1.27 
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FIG.  3.  Dark adaptation of the eyes of Dr. Schumann, as determined by Piper. 
Schumann has an anomalous trichromatic vision. ~o 
v3 
"~  2.0 
I.O 
Oufimann,  ~CII7 
~= a o/sz 
0  /0  ,~0  .30  ,4-0 
~me--- /')inufea 
FIG.  4.  Dark adaptation of the eyes of Dr. Guttmann,  determined  by  Piper. 
Guttman is also an anomalous Trichromat. 
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FIG. 5. Dark adaptation experiment with Dr. Demarla as subject. Normal 
trichromatic vision.  Piper's data. 
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Fro.  6.  Dark adaptation of Dr. Simon's eyes, determined  by Piper. 
vision is that of a  normal  Trichromat. 
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Fro.  7.  Adaptation experiment  with Mrs.  Ladd-Franklin as subject. 
trichromatic vision.  Piper's data. 
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mitred.  I  have  therefore chosen those experiments  which  are prac- 
tically free from this error of technique. 
The  ordinates  in  Figs.  3  to  8  are  given  as  the  logarithms  of the 
intensity  in  order  to present  the  data.  They really must  be inter- 
preted,  however, as the number  of units  of photochemical decompo- 
sition products freshly formed by the light, because of the logarithmic 
relation  between the two.  As such,  what do they tell us about the 
process of adaptation? 
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tensity are  different  from that of the previous figures. 
are the same. 
FIG. 8. Dark  adaptation  experiment  recorded  by Nagel.  The  units  of  in 
The  results,  however 
We learned  from Mya that  the  amount  of freshly  formed decom- 
position  products  must  be  a  definite  proportion  of  the  amount  of 
these  products  already  present  in  the  sense  organ  before they  can 
initiate  a  sensory effect.  If we know the required amount of freshly 
formed  products,  we  therefore  know  the  amount  of  the  residual 
products, because the ratio between the two is constant.  The neces- 
sary  quantities  of  freshly  decomposed  photosensitive  material  are SELIO rmc~T  513 
thus a  direct measure of the amount of decomposition products at 
that moment in the retina.  The points in Figs. 3 to 8 then give the 
concentration of the residual decomposition products. 
The data now assume a  dynamic aspect.  Each figure represents 
the  changes  in  the  concentration  of  the  residual  decomposition 
products during adaptation.  It is  apparent that the concentration 
steadily decreases.  The decrease is regular and  follows the  course 
of a  chemical reaction.  In order to show this the curves in all the 
figures are the isotherms of a bimolecular reaction.  The equation for 
the curves is 
1 
~  •  ...... 
a.t  a--x 
the  values  of  k  for  each  experiment being given in the respective 
figures.  It  must  be  emphasized that  each  of  the  points fia these 
figures  represents  only  a  single  measurement.  The agreement be- 
tween  the  individual  experimental  values  and  the  theoretically 
calculated curves is truly striking. 
The fact that the curves are reactions of the second order is sig- 
nificant.  Two  products  of  decomposition are  diminishing in  con- 
centration in a manner which shows that they are combining to form 
a chemical compound.  These two products are originally the results 
of the decomposition of a photosensitive substance.  A simple expla- 
nation is that the compound formed by their chemical union is iden- 
tical with the photosensitive substance from which they were formed. 
Such an  interrelation is  quite  common in photochemical reactions. 
Using S to denote the photosensitive  substance, P the principal product 
of decomposition, and A its accessory, we may write 
light 
S~P+A 
"dark" 
as the equation of the photochemical reaction.  This reaction forms 
the initial step in the visual  reception of dim light by the human 
retina.  The  substances P  and A  are thus the precursors as well as 
the decomposition products of the photosensitive substance S,  the 
three  forming the  components of a  completely reversible  reaction 
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VI. 
In  terms  of  such  a  reversible  photochemical  process  the  phe- 
nomena of dark adaptation  are fundamentally simple.  During the 
stay ill the light,  a  large amount of photosensitive substance is de- 
composed according to  the reaction S --~ P  +  A.  The rate of this 
decomposition will  depend  entirely  on  the  intensity  of  the  light. 
The reverse, "dark" reaction P  +  A ~  S, being an ordinary chemical 
reaction, will proceed whenever any products of decomposition are 
formed.  According to the mass law the rate of synthesis of S  from 
P  and A  will depend on  the  concentration of the latter two  sub- 
stances.  Between the two opposing reactions a  stationary state will 
be reached (cf.  Weigert,  1911,  p.  15,  for the difference between  a 
stationary state and a condition of true equilibrium).  This stationary 
state will represent a definite concentration of the three components, 
and will depend entirely on the light intensity. 
Removal  into  the  dark  at  once  causes  the  light  reaction, 
S -~ P  +  A,  to  stop,  leaving the  "dark"  reaction, P  +  A  ~  S,  to 
go  on unopposed.  The  continuous action of this  "dark"  reaction 
then determines the course of dark adaptation.  In order to meas- 
ure the irritability during dark adaptation a visual test is used.  The 
necessary light  decomposes S  into  fresh P  and A.  The  ratio  be- 
tween fresh  and  residual P  and  A  is  constant.  Therefore as  the 
residual products  of decomposition disappear,  less and less fresh P 
and A  are required to initiate a  visual effect.  In other words,  the 
"retina becomes more and more irritable,  as we already know. 
The fact that the eye may become adapted to any intensity of light 
finds its explanation in the stationary state of the opposing chemical 
reactions.  This is entirely a  function of the intensity of the light, 
provided the temperature remains constant.  At high intensities the 
concentration of P  and A  during the stationary state will be much 
greater than at lower intensities.  This means that the Hght required 
to produce a  minimum visual effect will vary similarly.  Thus the 
sensory threshold will be higher at higher intensities than at lower, 
which again is a truism of retinal physiology (cf. Hecht, 1918-19,  b~ 
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It is not my purpose to show how many of the properties of visual 
reception may be explained in terms of the reversible photochemical 
reaction postulated for the initial effect in photosensory reception. 
Outside of dark adaptation, this is possible only in a qualitative way, 
because much of the needed data does not exist in quantitative form. 
It is dear, however, that the consequences of the reversible reaction 
may be calculated and predicted, and experiments devised to test the 
possibilities.  Such quantitative results will be  forthcoming in  the 
future, and their analysis will be reserved for that time. 
One caution must be mentioned.  The provisions of the Duplicity 
Theory make a  clear  distinction between vision in  dim light  and 
vision in bright light (Nagel, 1911).  Dark adaptation is essentially a 
phenomenon of dim  vision.  Therefore all our conclusions must be 
limited to  the  mechanism of  vision at  low  intensities only.  The 
properties of photoreception at high intensities, involving as it does 
color vision, cannot be considered at  the present time.  It will be 
remembered that defects in color vision cannot be correlated with any 
changes in the course or the quantity of dark adaptation (Piper, 1903, 
p.  191).  Indeed the results given graphically in the present paper 
represent not only normal Trichromats, but anomalous Trichromats 
as well. 
The fact that our analysis applies only to vision in dim light is  of 
considerable  advantage in  one  respect.  This  concerns  the  final 
meaning of the terms in the equation 
light 
S~-.P+A 
"dark" 
for  the  photochemical reaction  of photoreception.  With  vision in 
dim light there has been associated the existence of visual purple. 
The evidence for the connection of visual purple with vision is quite 
striking (Trendelenburg, 1911;  Henri and des Bancels,  1911).  The 
most significant facts in this respect are  those concerned with the 
threshold of sensitivity, the photochemical action of light on visual 
purple, and the absorption of energy by  visual purple.  It is  known 
that spectral light falling on the retina, when so diminished in inten- 
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sensation of light without color.  The minimum stimulating energy 
at different wave lengths has been determined.  Similarly the mini- 
mum  energy  necessary  to  produce  a  bleaching  effect  on  visual 
purple has  been measured.  And finally the light absorbed by  the 
pigment at different wave lengths has  also been described.  When 
put into graphic form, the curves of these three measurements all 
follow the same course  (Henri  and  des Bancels,  1911).  This is  a 
powerful  argument  for  the  participation  of  visual  purple  in  the 
process of photosensory reception. 
The reversible character of the chemical behavior of visual purple 
is well known (Kiihne, 1879).  The bleached pigment in the retina, 
and even in vitro under certain conditions, regenerates its color when 
placed in  the  dark.  It  may  therefore  be  quite  possible  that  the 
photosensitive substance S which our analysis requires is really visual 
purple.  If this is true, it follows that visual purple when bleached by 
light  breaks  down  into  two  substances.  An  investigation  of  the 
dynamics of the regeneration of visual purple will furnish deciding 
evidence for the identification of visual purple with the hypothetical 
substance S.  It is not necessary to suppose that the decomposition 
and the synthesis represent elaborate changes.  A process of reduc- 
tion, or oxidation, or perhaps of hydrolysis may accomplish all that 
is required in the way of chemical changes.  In fact, considering the 
extremely small quantities of energy necessary to produce a  visual 
effect, it must follow that the initial photochemical transformation 
is not only delicate but very simple as well. 
The significant point of all this is that the analysis of dark adapta- 
tion with which this paper has been concerned is consistent with what 
we know of the changes in the eye.  If further experiments will show 
the identity of visual purple  with  the  hypothetical photosensitive 
substance, it will be a distinct advance in our knowledge of the basis 
of visual reception. 
SU:~CIMARY.. 
During the dark adaptation of the human eye, its visual threshold 
decreases to a  small fraction of its original value in the light.  An 
analysis of the quantitative data  describing this  adaptation  shows 
that it follows the course of a bimolecular chemical reaction.  On the SEI,  IG  m~cE~  517 
basis  of these  findings it is suggested  that  visual  reception  in dim 
light is conditioned by a reversible photochemical reaction involving a 
photosensitive  substance  and  its  two  products  of  decomposition. 
Accordingly,  dark adaptation  depends on the course of the "dark" 
reaction during which the two products of decomposition reunite to 
synthesize the original photosensitive  substance. 
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